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.@Aviation Automation: A Brief History

Full authority FBW?

Flight Managemént System

Automatic Navigation G od
First Fu|:l|l_3,aUthO”ty 2010
Autoland 1978
1990 4" generation
1970 3d generation
1950 2nd generation
Autopilot 1930 1st Generation of Jet Airliners
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@Fatal Accident Rates and Technology Adoption

Accidents per million flight departures
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@’ A Very Brief History of Powered Lift

CivilVTOL TC start
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@’ Background

VSTOL aircraft control is a challenge
* Indirect Flight Controls viewed as the solution
e Stability and workload considerations different from airplane operations

”?Simplified Vehicle Operations” introduced as a term to describe how to overcome
challenge

e Implication is to reduce training

No consensus on eVTOL operations
e SVO is actually ”Simplified Vehicle Control” (SVC)

NASA term “Automation Enabled Pilot”
e New operations, new tools, new challenges



@Mission Oriented Handling Quality Evaluation

Concept

Adapted from Military ADS-33, now MIL-DTL-32742
Focus on the defining the Mission/Operational

 Determine performance criteria, environment

Criteria do not change for the different vehicle
configurations

Criteria do not change for varying automation

capabilities or configuration

 Scalable from today’s operational conceptto m:n
operations
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eVTOL Evaluation Method Development
FAAVTOL Evaluation —1
(FAAVE-1)

Feb. 2022
FAAVTOL Evaluation -2
(FAAVE-2)

June 2021

May 2024

NASA Automation
Enabled Pilot Study -1 June 2022
(AEP-1)

. NASA Automation
Enabled Pilot Study - 2
(AEP-2)

Aircraft Automation Development and Evaluation

July 2025

NASA Automation
Enabled Pilot Study -3
(AEP-3)



& NASA Automation Enabled Pilot (AEP) Research

e Goal

— Develop and evaluate representative electric Vertical Take-Off and Landing (eVTOL) aircraft automation
to support the development of methods for compliance for novel control and pilot interface concepts

* Objectives
— ldentify automation challenges associated with flying representative
eVTOL vehicles in AAM operational environments
— Develop methods for characterizing and assessing automation
enabled pilot/vehicle performance
» For increasing levels of automation
« Under nominal and off-nominal conditions
« For various concepts of operation
— Understanding Pilot requirements for increasingly automated
systems

« Approach
— Simulate eVTOL industry representative aircraft design concepts

— Develop representative control and advanced automation
technologies for enabling safe and efficient Aircraft Handling and
Operations (AHO)

— Evaluate eVTOL vehicle operations based on Integrated Piloting
Requirements (IPR)




@’ Pilot Automation Interaction (PAl) Framework

Mission Management

Task Management

Autoflight Command PAIl -7
Stability Augmented Control \ PA| -5 Full Aircraft
: b Automation
& A _ Mission no real-time
S Sg==0e Management intervention
: CC-3 Task Operations Capat."“;y
PAIl -2 Management Managementand require
CC-2 Path Integrated aircraft optimization across

Command automated functions operational

Maneuver : : including response to contingencies
Autopilot with & P (e.g., m:n Operations)

Command Aircraft Flight Path hazards
Target Autopilot Management
Command with specified,
Vector Control Autopilot linkable maneuvers
Axis Control Mappingofaxis  without Flight Path
commands to Management

Conventional pilot
interfaces with
stability augmentation
(e.g., yoke, center stick)

vectors to simplify
aircraft control
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